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e http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html

* Week 6: Image Preprocessing of fMRI
<Handout >Lesson6_slides.pdf
<Materials >fMRlana06 materials.zip
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Employed Software

fMRI Analysis

¢ RadiAnt DICOM Viewer
* https://www.radiantviewer.com/
* MRlIcro
* https://people.cas.sc.edu/rorden/mricro/mricro.html#installation
* https://www.mccauslandcenter.sc.edu/crnl/mricro

Radil:-\1}

DICOM VIEWER

e Statistical Parametric Mapping (SPM 12) ., . n—
* http://www.fil.ion.ucl.ac.uk/spm/ UCL ? '

[Caution] File name\path contains Chinese character or space may cause error!
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BOLD signals Brain Activation
Voxel time courses (similarity between local BOLD signal and task design)
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fMRI Protocol

Acquired Data

Siemens 3T MAGNETOM Trio Scanner @ NYMU, 32-channel head coil
Single-Shot 2D EPI (GRE-EPI), T2* weighting
Repetition Time = 2000 ms

e Echo Time =20 ms

¢ Flip Angle = 70~90°

* NEX=1 Voxel time courses
* Slice thickness = 3.4 mm

* Field of View = 220 x 220 mm?
* Matrix size = 64 x 64

Slice number = 40

3.44 x 3.44 x 3.40 mm3

¢ Volume number (depends on experiment design)
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BOLD EPI images (mosaics)

o

Cropped, slice number = 40
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DICOM (1993)

DICOM format (*.dcm, *.ima)
<& NIfTI (.nii) or Analyze75 (*.hdr, *.img)

- — ST > data > dicom > Subjo1 » REST

e e N

- b
| ;.__'K
t Mame
— o~ | MR.HEAD_IBRU.3.1.2011.02.21.12.20.42.328125.100216930.IMA

Siemens 3T Trio Scanner J MR.HEAD_IBRU.3.2.2011.02.21.12.20.42.328125.100216948.IMA
‘ | | MRHEAD IBRU.3.3.2011.02.21.12.20.42.328125.100216966.IMA

| MRHEAD_IBRU.3.4.2011.02.21.12.20.42.328125.100216984.IMA

|| MRHEAD_IBRU.3.5.2011.02.21.12.20.42.328125.100217002.IMA

|| MR.HEAD_IBRU.3.6.2011.02.21.12.20.42.328125.100217020.IMA

| | MRHEAD IBRU.3.7.2011.02.21.12.20.42.328125.100217038.IMA

@NYMU
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* Digital Imaging and COmmunication in Medicine

3 » NEMA, Suitg 1752
1300 Horth 17" Sireet

E A Rosslyn, VA 22209

= Ph: (703 841.3285

Digital Imaging and Communications in Medicine http:idicom nema.oryg

http://dicom.nema.org/

“The Common Language of Medical Equipment”

* ACR & NEMA formed a committee in 1983
¢ American College of Radiology
¢ National Electrical Manufacturers Association
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DICOM format

Header + Image data

0008,0020,5tudy D ate=20151204
0003,0021 Series Date=20151204
0008,0022 Acquisition Date=20151204
0008,0023 mage Date=20151204
0008,0030.5tudy Time=122630
0008,0037 Series Time=122800
0008,0032 Acquisition Time=122800
33323323);“‘" 0016.0050.5lice Thickness=5
. CC10018,0080 Repetition Time [TR, ms]=8002
Duba D060 Madngt & 0081 E cho Time [TE, msl<127 948
0005 0080 at' 0018,0082.Irversion Time=2000
DDUE'DDSD'F?S 10071 8,008 Mumber of Averages=1
g Fef 0071 8,0024, Imaging Fi =F3.854503
0084, Imaging Frequency=63.
0008,1010.5tat 001 £.0085.| 4 Nudleus=1H
00021030, 5tuq 01 8.0085 Imaged Nucleus=
0009.102E Ger|0018.0088 Echo Mumber=
0008,1070,0pe) 1018.0087 Magnetic Field Strength=1.5
e e
.0091.Echo Train Length=

L

] Data query
[0 Image Information
[0 Communication

Retrieve of subject/imaging information.
Use with caution! Personal privacy!
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D I CO M 4 SPM12 (7219): Menu [E=8 EER %= P H P d
p Realign (Es.. = \ Slice timing I \ Sraoth ‘ - b p
iles to be created. = -
— SPM12 721 =@
. . Soreacert m femsiee L ;}Segmem Correction for a*.nii — =
Switch current directory ',' Slice Timing : Fosign Fe *] | numnn ==
to data folder in MATLAB. [ spocityteriovel | | Review | \ 1 . . Gorogater . v] [Normaten . =] [—segmen
It is convenient for the \\[ Realignment ] ra*.nii, mean*.nii,
subsequent data selection. | seeoiyendove || Eetimate | 5 {-'-'I gJ rp_*.txt — —
Results 1 Ir )' [ ) . ] The same filename with Speaily 2rd-owel Etimate
Co-registration 2
Al '-'fé"f 9 modified header.
\ Dynarmic Causal Modalling ‘ } | l Roculie
[ Normalization ] wra*.nii, w¥*.mat e P
2. Check converted images | [(_ Dispay [) Cneckreg | Render... = FwRI lh .
: —_— S thi ] swra*.nii . - 5 = -
(or check images by MRicro) | | o= . incas | Geow mmn D | 1. Convert DICOM to NIfTI files [ m°j 9 T (T TN [
Toalba bt PPIs ImCak: DAGOM Impart
T T T T (MPRAGE, 1BACK, 2BACK) : c1*.nii, c2*.nii, c3*.nii
[ Segmentation ] .o o - St S
mws*.nii, BiasField_*.nii
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Batch of SPM fMRI preprocessing

Batch of SPM fMRI preprocessing

>> spm fmri = Batch
Batch_fMRIpreproc.mat___

T# Bateh Edfitor
Fle Edit View SPM Basid0

DEd
| Madude Lot
[Nam o Dinischo

Changa Ditoctory

Comrmnt Modale: Named Bavciary Selecsai

Solocion B on: Namod Diroctory Salactor

Module List

Change Directory
Slice Timing

Corogister: Estimato
Normalise: Estimate

Named Directory Selector (

Realign: Estimate & Reslice

Diactorios
Diroctory

Slicn Timing

Foalign: Estimato & Aoslic
Corogistor: Esimato
MNomaliso: Estimata
Nomalisa: Write

Mo aliso: Write
MNomalisa: Write

Smooth

Sagmont

Sagmant

Normalise: Write DEP
Normalise: Write DEP =
Normalise: Write DEP .
T -

Smooth DEP Entar a name for this direclory salection. This name will be dsplayed in ha 'Dependency’ listing as output
Segment DEP e Ssarad
Sggment DEP Tha abiien misat haun at st 1 shanssias
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Reselect the SPM Tissue Probability Map (TPM.nii).

Module List

Current Module: Normalise: Estimate

Named Directory Selsac
Change Diractory

Slice Timing

Realign: Estimate & Re:
Gorogister: Estimate
Normalise: Estimate
Nermalise: Write
Normalise: Write
Normalise: Write

-

Help on: Normalisa: Estimate
Data

. Subject

.. Imags to Align
Estimation Options

. Bias regularisation
. Bias FWHM

. Tissue probability map
. Affine Regularisation

...ister: Estimate: Coregistered Images

...oftwares\spm 1 2\spm 12\
... space template - East Asian brains

very light regularisation {0.0001)
60mm cutoff

Smaooth . Warping Regularisation 1x5 double

Segment . Bmoothness 0

Segment . S8ampling distance 3
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Batch of SPM fMRI preprocessing

Batch of SPM fMRI preprocessing

Reselect the SPM TPM.nii and save your own batch template.

Module List

Narmed Directory Selac! -
|Change Directory
Slico Timing

\Foalign: Estimato & Ho
(Coragisten: Eslimate
|Mormalise: Estimate
MNomnalise: Write
MNormalise: Write
|MNormalise: Wrile
Smooth

Segment

|Sagmont

Current Modula: Segmant

Halp on: Ssgment

Data

. Channel

.. Volumes ...is0r Write: Normalisad Imagos (Subj 1) -
. . Bias ragularisalicn light regularisation (0.001)

. . Bias PWHM GOmm cutoff
.. Bave Bias Corrected Save Field and Corrected
lissuos

. Tisste

.. Tissue probability map . oftwaresispm12ispm 1 2\pm\ TPM nii 1

Mum. Gaussians

.. Nativo Tissuo Native Spaco
.. Warmpod Tissuo Mono
. Tissie

.. Mum. Gaussians 1

Chia-Feng Lu
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TPM.nii,1
TPM.nii,2
TPM.nii,3
TPM.nii, 4
TPM.nii,5
TPM.nii,6

Taking the 1Back data as an example.

Select the FILES for processing

Module List

Named Dirsctory Selector
Change Directory

Slice Timing

Realign: Estimate & Reslice

<-X
DEP
<X
DEP

Subject data folder
||

D:\.....\fMRIana06_materials\processed\1BACK

N

fMRI data
\ D:\.....\fMRIana06_materials\processed\1BACK\*.nii

Coregister: Estimate <-X
Normalise: Estimate DEP 165 files/vol
Normalise: Write DEP fes/volumes
Normalise: Write DEP
gl?nrcr)rz)etllllse: Write BEE T1W data . ]
Segment DEP D:\.....\fMRIana06_materials\processed\1BACK\MPRAGE\ *.nii
Segment DEP
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Correction for Slice Timing = Realignment of head motion @ =%~

C tion for slightly different i ing timi . I . .
oo S 19y Sreren pnaging iming * The signal variation from movement is larger than hemodynamic response.

Tl 1 W=l 1 b for multi-slice acquisition in a TR.
5L e translation
ali For example: 6-parameter Rigid body registration ~ '* ' '
sl Acquire 5 slicesin 1 TR & transformation (align to the 1stvolume) |
= Temporal offset between slices = 6 co-variates for rs-fMRI analysis
2 o8
1
8 o
® ot \
a 60 100 160 200 0
i rotation
. [ H r
h Py
af- o6 : 1k_‘.\,ﬁ.,u_,_\h,r,\.-f«.rﬁ\-a.\»w\,,:-u. d
1, " o
! * * - H £ o . At ';'.\J\~,-_..rm‘\'|W.' W\J 1
2 E - 2 T = - f
i : i i - v Al e {
‘ ; H + : . L ,-,r‘wlr,__.,--.\ i —
i ’ 0 i TR
3 4 'I' [ 7 nl ] 10 1" 03 L
Time [TRs] Sladky et al, Neurolmage 2011,58:588-594. ° e oo 180 o .
g
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3 translations and 3 rotations - Co-registration g, NP

z translation

pitch roll yaw * Align structural (T1W) images to fMRI (EPI) data.
* Rigid body transformation using mutual information
¢ Manual adjustment

y translation

X translation

EPI fMRI

T1W images %%

fMRI slides from http://culhamlab.ssc.uwo.ca/fmri4newbies/Tutorials.html
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Spatial Normalization Gaussian Spatial Smoothing

* We can perform spatial normalization using either anatomical (T1)
images or fMRI (EPI) data.

Coregistered Subject T1 T1 template normalized T1

Each voxel becomes weighted average of surrounding voxels.

Render the data more normally distributed.

« Compensate for inaccuracies in normalization between individuals.

« Increase signal-to-noise ratio Normalization Normalization + smoothing

Subject EP|

Transformation

matrix

Smoothing process may be skipped
in the certain analysis, such as MVPA.

EPI template normalized EPI

2x2x2mm?3

b
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GR) NBA X/ NBA

Tissue Segmentation Always Check Your Data! =%

Tissue Probability Maps . . translation

* SPM processing logfile (spm_Date.ps
GM map (c1*.nii) WM map (c2*.nii) CSF map (c3*.nii) P g logfile (spm_ ps)

e https://online2pdf.com/convert-ps-to-pdf

rotation
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EPI undistortion/unwarp

THE END

alvin4d016@ym.edu.tw
Teaching Materials: http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html
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* Magnetic inhomogeneity can cause
¢ Signal loss
e Spatial distortion

* Magnetic field warps at tissue boundaries
¢ The frontal pole, orbito-frontal cortex
* Medial temporal lobe (hippocampus)

* The benefit of undistortion/unwarp

¢ Make the shape of an individual's fMRI data
more similar to their anatomical images.
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Warpad EFY Fusldmap in Hz
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